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Background: Systemic inflammation plays an important role in the increased cardiac risk 
observed in rheumatoid arthritis (RA). Effective control of inflammation and disease activity 
may be of benefit in reducing cardiovascular risk in RA patients. 

Objective: Our study was conducted in patients with active RA to investigate the effects of 
24-week abatacept treatment on aortic stiffness measured by pulse wave velocity (PWV). 
Results: The study included 21 patients, of whom 17 were females, with a mean age of 
65.2+13.7 years. Ten patients had positive rheumatoid factors, 16 positive anti-citrullinated 
protein antibodies, and 19 presented an erosive form of RA. Sixteen patients were nonresponders 
to anti-tumor necrosis factor-alpha treatments. After 6 months of abatacept treatment, there was a 
significant increase in PWV levels (9.8±2.9 versus 8.5+3.9 m/second; P=0.02). A nonsignificant 
increase in total cholesterol and low-density lipoprotein cholesterol was observed. There was also 
a significant increase in high-density lipoprotein cholesterol levels, which led to a nonsignificant 
decrease in atherogenic index. The improvement in disease activity was significant, and there was a 
decrease of systemic inflammatory parameters, but without reaching statistical significancy. Changes 
in PWV were significantly correlated with changes in Disease Activity Score on 28 joints based 
on erythrocyte sedimentation rate (/-0.46; P=0.035) and in high-density lipoprotein cholesterol 
(^-0.38; P=0.046). No correlation was observed with changes in C-reactive protein and in other 
parameters of lipid profile or in steroid dose. 

Conclusion: The worsening of aortic stiffness found after 6 months of abatacept therapy might 
be due to an insufficient decrease in systemic inflammation. 

Keywords: arterial stiffness, cardiovascular risk markers, systemic inflammation, atherogenic 
index 

Introduction 

Rheumatoid arthritis (RA) is characterized by an increased cardiovascular risk and 
impaired vascular function. 1-3 The reasons for this endothelial dysfunction in RA are 
multifactorial and not fully understood. Currently, it is not certain whether systemic 
inflammation, which was previously thought to play a role, 4 - 5 is involved, and a recent 
review concluded that the link between systemic inflammation and vascular function 
was not fully supported by the literature. 6 Likewise, we recently reported that, despite 
significant improvements in systemic inflammation and disease activity, there was 
no change in aortic stiffness after 6 and 12 months of rituximab therapy in 33 RA 
patients. 7 Persisting aortic stiffness might have been due to a pro-atherogenic lipid 
profile caused by rituximab treatment. 7 
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Abatacept is another biotherapy that is known to be effec- 
tive on systemic inflammation and disease activity in RA. 

This study was aimed at assessing the effects of 24 weeks 
of abatacept therapy on pulse wave velocity (PWV), a mea- 
sure of aortic stiffness and lipid profile, in RA patients. 

Patients and methods 

RA patients who fulfilled the American College of 
Rheumatology 1987 revised criteria were eligible for 
enrollment. 8 Moreover, to be included in the study, patients 
had to have received more than two unsuccessful anti-tumor 
necrosis factor (TNF)-alpha treatments or have contraindica- 
tions to those treatments and persistent active RA (a Disease 
Activity Score on 28 joints based on erythrocyte sedimenta- 
tion rate [DAS28 ESR ] or Disease Activity Score on 28 joints 
based on C-reactive protein [DAS28 CRP ] >3.2). Patients were 
treated with abatacept, receiving monthly intravenous infusions 
according to medical practitioners' opinions for 6 months. 
Clinical assessment, laboratory examinations, and aortic stiff- 
ness were recorded at baseline and after 24 weeks of treatment. 
The study was approved by the local Research Ethics Com- 
mittee of the Gabriel-Montpied Hospital (Clermont-Ferrand, 
France), and all subjects provided written informed consent. 

Clinical assessment 

Disease duration and medications were recorded. DAS28 ESR 
and DAS28 CRP were determined at baseline, and at 6 months 
post-treatment. The number of tender joints and swollen 
joints was also recorded for each patient. The global level of 
disease activity and the level of pain were self-assessed by 
the patients using a 100 mm horizontal visual analog scale. 
Patients were considered in remission if their DAS28 ESR or 
DAS28 CRP < 2.6. They were considered to have systemic 
inflammation if their C-reactive protein (CRP) level was 
higher than 10 mg/L and/or their erythrocyte sedimentation 
rate (ESR) level was higher than 30 mm/h. 

Noninvasive vascular assessment 
PWV 

To avoid interobserver variability, all measurements were 
performed by the same examiner, Emilie Rabois, clinical 
research assistant, who was informed by an experienced 
cardiologist and blinded to the clinical characteristics of 
the subjects. The SphygmoCor Arterial Waveform Analysis 
System (AtCor Medical, Sydney, Australia) was used to 
perform pulse wave analysis, and blood pressure was mea- 
sured in the supine position at the brachial artery using a 
sphygmomanometer. 



PWV was measured using the carotid-to-femoral velocity 
method, as reported by Wilkinson et al. 9 The distance (D) 
covered by the waves was assimilated to the distance mea- 
sured between the common carotid artery and the right 
femoral artery. The time delay (t) was measured between 
the feet of the two waveforms. Thus, PWV was calculated 
as PWV = D(meters)/t(seconds). 

Laboratory examinations 

Venous blood was sampled for determining the CRP serum 
concentrations, ESR, and lipid profile (total cholesterol, 
low-density lipoprotein [LDL] cholesterol, high-density 
lipoprotein [HDL] cholesterol, and triglycerides) in the morn- 
ing, after an overnight fasting. The atherogenic index (total 
cholesterol/HDL cholesterol) was then calculated. 

Statistical analysis 

Quantitative variables were expressed as mean + standard 
deviation (SD) or median and interquartile range and cat- 
egorical variables as number of patients (%). To compare 
the time course evolution (baseline, 6 months) of different 
parameters, a repeated-measure analysis of variance was 
used for between-group differences (including the effects 
of time, group [remission or inflammation], interaction 
[group x time], and subject) followed by paired Mest 
or Wilcoxon test for within-group differences. When 
the normality of a parameter was not achieved using the 
Shapiro- Wilk test (eg, ESR and CRP), two options were 
considered; either 1) log transformation was performed 
and previous models were used or 2) generalized linear 
mixed models were implemented for parameters with- 
out a Gaussian or log-transformed normal distribution. 
Residual normality was checked for all models presented 
in this article. Spearman's correlation test was used to 
determine the association between changes in PWV after 
6 months of treatment and changes in other parameters. 
Power analyses were conducted to determine whether the 
sample size was sufficient to detect changes over time. A 
P-value of <0.05 (two-tailed) was considered statistically 
significant. Statistical analysis was performed using Stata 
software (version 10; StataCorp LP, College Station, TX, 
USA). 

Results 

The study included 21 RA patients, of whom 17 (81%) were 
female, with a mean age of 65.6+13.6 years and disease 
duration of 21.5+10.0 years. Among these patients, ten 
(47.6%) had positive rheumatoid factors, 16 (76.2%) had 
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positive anti-cyclic citrullinated protein (CCP) antibodies, 
and 19 presented with an erosive formofRA. Sixteen patients 
(76.2%) were nonresponders to anti-TNF-alpha treatments, 
and five had contraindications to these treatments. At baseline, 
methotrexate was used in 1 2 patients (57.1 %) at a median dose 
of 1 0 mg/week, and 86% of patients were treated with steroids 
at a mean dose of 9.7+9.2 mg/day. Baseline characteristics of 
the 2 1 included RA patients are summarized in Table 1 . 

After 6 months of abatacept treatment, there was a signifi- 
cant increase in PWV levels in the 2 1 RA patients (9.8+2.9 at 
6 months versus [vs] 8.5+3.9 m/second at baseline; f=0.02; 
Table 2). There was an increase in all parameters of lipid 
profile, but this increase was only significant for HDL cho- 
lesterol level (1.86+0.55 at 6 months vs 1.61+0.46 mmol/L 
at baseline; P=0.03), which led to a nonsignificant decrease 



Table I Baseline characteristics of rheumatoid arthritis patients 
treated with abatacept 



Characteristic 


Abatacept 




group (n=2 1 )* 


Age, years 


65 2+ 1 3 7 


Male/female 


4/17 


Smoking status, n (%) 


1 (4.8%) 


BMI, kg/m 2 


23.8±4.7 


Systolic blood pressure, mmHg 


I40.9±2I.6 


Diastolic blood pressure, mmHg 


80.7±I0.5 


History of cardiovascular disease, n (%) 


3 (14.3%) 


Disease duration, years 


2 1 .5+ 1 0.0 


Systolic BP, mmHg 


I40.0±2I.6 


Diastolic BP, mmHg 


80.7±I0.5 


Positive RF, n (%) 


10 (47.6) 


Positive anti-CCP, n (%) 


16 (76.2) 


Erosive RA, n (%) 


19 (90.5) 


Swollen joint count 


6.4±3.6 


ESR, mm/h 


34.2±39.5 


CRP, mg/L 


2I.4±39.4 


DAS28 ESR 


5.07+1 . 1 0 


DAS28 CRp 


4.68±0.87 


Statins or lipid-lowering treatments, n (%) 


4 (19.0) 


DMARDS, n (%) 




Methotrexate 


12 (57.1) 


Leflunomide 


2 (9.5) 


Hydroxychloroquine 


4 (20.0) 


Sulfasalazine 


2 (9.5) 


Combination 


3 (14.3) 


None 


5 (23.8) 


Corticosteroids, n (%) 


18 (85.7) 


mg/day 


9.7±9.2 


NSAIDs, n (%) 


2 (9.5) 



Note: ^Values are expressed as mean + standard deviation (SD) unless otherwise 
specified. 

Abbreviations: anti-CCP, anti-cyclic citrullinated protein; BMI, body mass index; BP, 
blood pressure; CRP, C-reactive protein; DAS28 CRp , Disease Activity Score on 28 joints 
based on C-reactive protein; DAS28 ESR , Disease Activity Score on 28 joints based on 
erythrocyte sedimentation rate; DMARDs, disease-modifying antirheumatic drugs; ESR, 
erythrocyte sedimentation rate; NSAIDs, non-steroidal anti-inflammatory drugs; RF, 
rheumatoid factor; RA, rheumatoid arthritis; SD, standard deviation; n, number. 



Table 2 Differences in parameters after 6 months of abatacept 
treatment 



Parameter 


Abatacept therapy 


Paired t-test or 




( n=2 1 ■> 




Wilcoxon test 




Baseline 


6 months 


P~ val u6 


PWV, m/s 


8.5±3.9 


9.8±2.9 


0.02 


T . | ■ I . 1 III 

Total cholesterol, mmol/L 


4.95±0.99 


5.36±0.84 


0.08 


HDL cholesterol, mmol/L 


1.61 ±0.46 


1 .86±0.55 


0.03 


LDL cholesterol, mmol/L 


2.69±0.64 


2.79±0.65 


0.68 


Triglycerides, mmol/L 


l.33±0.87 


1 .47+ 1 .02 


0.99 


Atherogenic index 


3.26±0.9I 


3.1 I±I.I0 


0.3 1 


TJC 


7.1 ±5.2 


2.8±3.3 


<0.00l 


SJC 


6.4±3.6 


3.5±3.8 


<0.00l 


rdTJclll DdlM VAvj 


66.4±I6.I 


40.9±22.8 


, ft ftft 1 
^U.UU 1 


Patient activity VAS 


65.3±I7.3 


40.1 ±22.2 


<0.00l 


ESR, mm/h 


34.2±39.5 


26.5±28.l 


0.12 


CRP, mg/L 


2I.4±39.4 


1 1 .7+ 1 5.0 


0.72 


DAS28 ESR 


5.1 + 1. 1 


3.7+1 .2 


<0.00l 


DAS28 CRp 


4.7±0.9 


3.4+ 1 . 1 


<0.00l 


Steroids dose, mg/day 


9.7±9.2 


6.9±6.3 


0.01 



Notes: Values are expressed as mean + standard deviation. Values in bold are 
significant. 

Abbreviations: CRP, C-reactive protein; DAS28 CRp , Disease Activity Score on 
28 joints based on C-reactive protein; DAS28 ESR , Disease Activity Score on 28 
joints based on erythrocyte sedimentation rate; ESR, erythrocyte sedimentation 
rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PWV, pulse wave 
velocity; SJC, swollen joint count; TJC, tender joint count; VAS, visual analog scale. 

in atherogenic index. No change was found in blood pressure 
or body mass index. Disease activity improved, as shown by 
a significant decrease in DAS28 ESR and DAS28 CRP and also in 
steroid dose (6.9+6.3 at 6 months vs 9.7+9.2 mg/L at baseline; 
P=0.01). There was a decrease in systemic inflammation 
parameters, but not to a level of significance (CRP: 11.7+15.0 
at 6 months vs 2 1 .4+39.4 mg/L; P=0.72 and ESR: 26.5+28. 1 
at 6 months vs 34.2+39.5 mm/h at baseline; P=0.12). 

Changes in PWV were positively correlated to changes in 
DAS28 ESR CP=0.035) and negatively correlated with changes 
in HDL cholesterol (P=0.046). No correlation was observed 
with changes in CRP and in other parameters of lipid profile 
or in steroid dose (Table 3). For the six patients who achieved 
disease remission after 6 months of treatment, PWV remained 
unchanged (9.3±3.4 m/second at baseline, 10.0+4.4 at 
6 months; P=0.25; Table 3). Conversely, in the 1 5 patients who 
did not achieve disease remission at 6 months, PWV increased 
significantly (8.19+4.14 m/second vs 9.66+2.4 at baseline, 
and 6 months, respectively; _P=0.04). Regardless of whether 
patients still had systemic inflammation after 6 months of 
abatacept treatment, there was no change in PWV (Table 4). 

Discussion 

Despite improvements in systemic inflammation, 
PWV - "the most accurate non-invasive marker of aortic 
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Table 3 Correlation between changes in pulse wave velocity 
(PWV) after 6 months of abatacept treatment and changes in 
other parameters 

Changes in parameters Changes in PWV 



r P-value 



DAS28 

ESR 


0.46 


0.035 


DAS28 

CRP 


0.43 


0.0S8 


CRP 


0.02 


0.93 


Total cholesterol 


-0.06 


0.83 


LDL cholesterol 


0.02 


0.94 


HDL cholesterol 


-0.39 


0.046 


Triglycerides 


-0.33 


0.20 


Atherogenic index 


0.1 1 


0.67 


Steroids dose 


0.04 


0.87 



Note: Spearman's test; values in bold are significant. 

Abbreviations: CRP, C-reactive protein; DAS28 CRp , Disease Activity Score on 28 
joints based on C-reactive protein; DAS28 ESR , Disease Activity Score on 28 joints 
based on erythrocyte sedimentation rate; HDL, high-density lipoprotein; LDL, low- 
density lipoprotein. 



stiffness" 1011 - increased in this study after 6 months of 
abatacept treatment, which was probably due to the insuf- 
ficient decrease in systemic inflammation. However, we 
could not exclude the worsening effect of the lipid profile, 
with an increase in total and LDL cholesterol. A positive 
effect was found on HDL cholesterol level after 6 months of 
treatment, but this was insufficient to significantly improve 
the atherogenic index. 

As expected, abatacept significantly improved disease 
activity parameters such as swollen joints and DAS28, and 
also decreased systemic inflammation parameters (ESR 

Table 4 Changes of pulse wave velocity (PWV) in rheumatoid 
arthritis patients according to disease activity and systemic 
inflammation 

Time n Mean ± SD P-value* 

Patients in disease remission (DAS28 <2.6) at 6 months 
PWV, m/s 

Baseline 6 9.3±3.4 

6 months 6 I0.0±4.4 0.25 

Patients not in disease remission (DAS28 >2.6) at 6 months 
PWV, m/s 

Baseline 15 8. 1 9±4. 1 4 

6 months 1 5 9.66±2.40 0.04 

Patients with no systemic inflammation at 6 months 
PWV, m/s 

Baseline 12 8.37±2.93 

6 months 12 9.42±3.47 0.10 

Patients with systemic inflammation at 6 months 
PWV, m/s 

Baseline 9 8.7±5.l 

6 months 9 I0.2±2.3 0.10 

Note: *Paired t-test or Wilcoxon test after repeated-measure analysis of variance. 
Abbreviations: DAS28. Disease Activity Score on 28 joints; SD, standard deviation; 
ms, m/second; n, number. 



and CRP), although not to a significant degree. This lack of 
statistical significance could explain the lack of improvement 
in parameters of subclinical atherosclerosis. Atheroma is 
recognized to be an inflammatory process and CRP a good 
predictor of cardiovascular event occurrence. Studies that 
assessed the effects of biotherapies (ie, rituximab, tocili- 
zumab, or TNF-alpha inhibitors) on aortic stiffness in RA 
revealed variable changes in PWV or augmentation index, 
but most of the time found an improvement in aortic stiffness, 
with a significant decrease in systemic inflammation. 12 " 14 

These results tend to indicate the importance of decreas- 
ing systemic inflammation and disease activity in RA patients 
and the role of this in atherosclerosis. Recently, a study 
confirmed that a high circulating concentration of inter- 
leukin 6 was associated with an increased risk of coronary 
heart disease. 15 The second important reason to intensify the 
treatment of RA, and especially using biologic therapies, 
is to obtain a tapering of steroids. In this study, abatacept 
treatment permitted a significant decrease in steroid dose. 
However, this beneficial effect produced no improvement in 
PWV, as shown by a nonsignificant correlation. 

The deleterious effect of dyslipidemia that this study 
found after abatacept treatment may be the reason for the 
lack of aortic stiffness change. Several studies have reported 
a post-biotherapy atherogenic lipid profile that could counter- 
balance the benefit of decreasing systemic inflammation for 
aortic stiffness. To the best of our knowledge, no other study 
has assessed the effects of abatacept on lipid profile. 

Conversely, the deleterious effects of tocilizumab, another 
RA biotherapy that is known to frequently increase total and 
LDL cholesterol levels, has inspired recommendations for 
controlling lipid profile after 3 months of tocilizumab treat- 
ment in RA patients. 1316-18 However, despite this induced 
atherogenic lipid profile after tocilizumab treatment, aortic 
stiffness has been reported to have improved in two recent 
studies. 13-14 

Regarding anti-TNF-alpha treatment, the effects of 
this on aortic stiffness remain controversial, but a recent 
literature review suggests there may be a beneficial effect. 12 
Changes in the lipid profile after TNF-alpha inhibitors have 
also been shown to be variable. One study has revealed an 
improvement in the lipid pattern, 19 and another a progression 
toward an atherogenic profile; 20 in still others, no significant 
effect on the atherogenic index was reported. 21-25 In a recent 
meta-analysis, significant change after TNF-alpha blockade 
was found. 26 In another meta-analysis, Dai'en et al noted 
increased HDL and total cholesterol levels after long-term 
TNF-alpha blockade treatment, but no change in LDL levels 
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or atherogenic index. 27 Similarly, a significant change in total 
cholesterol and HDL cholesterol levels has also been shown 
in a meta-analysis by van Sijl et al. 28 

For rituximab, results are less numerous, but remain 
contradictory. Kerekes et al found decreased total cholesterol 
and increased HDL cholesterol levels, 29 although a pro- 
atherogenic lipid profile was noted in another study of 33 RA 
patients after 6 and 12 months of treatment. 7 Schimmel and 
Yazici reviewed the published data on lipid profile changes 
in RA patients treated with biological disease-modifying 
antirheumatic drugs and observed an increase in lipid levels 
between baseline and study end in these patients. 30 However, 
in most of these studies, no significant change in atherogenic 
index from baseline to end of study was found. 

The clinical implications of this finding with regard to 
cardiovascular outcomes are not clear. Anti-TNF-alpha block- 
ade treatments have been reported to have a beneficial effect 
on cardiovascular mortality and morbidity in RA patients. 31 
The reason for this improvement in the cardiovascular risk 
profile remains uncertain, but is probably due to decreased 
systemic inflammation. 31 

The study reported here found that PWV worsened in 
patients who did not achieve remission, but not in patients 
with disease remission. Effective control of inflammation 
could certainly be of benefit in reducing cardiovascular risk in 
RA patients. However, the deleterious effects of biotherapies 
on lipid profile in RA patients need to be clarified, especially 
forTNF-alpha inhibitors and rituximab. It appears necessary 
to monitor the lipid profile in RA patients regularly in order 
to initiate an appropriate treatment in case of dyslipidemia. 

Limitations 

The small size of the sample (21 patients) may have lim- 
ited statistical power. However, the number of patients we 
included is far from unreasonable compared with some 
earlier studies on the effects of other biological therapies 
(Kerekes 7 n=5, Kawashiri 16 n=9, or Soubrier 23 n=29). 
Moreover, as far as we are aware, this is the first study to 
have assessed the effects of abatacept on lipid profile in 
RA patients. While the assessment of 21 RA patients after 
6 months of treatment was indeed insufficient to draw strong 
conclusions from, it still gives some relevant indication of 
the effects of abatacept. 

Another limitation of our study was the lack of a con- 
trol group, thereby rendering the determination of the time 
needed to assess changes in stiffness more difficult. We have 
recently reported the effects of rituximab treatment on PWV 
in RA patients. 7 An indirect comparison to this previous 



study using the rituximab group as a diseased control 
group might be interesting. After rituximab treatment, no 
change was observed in PWV after either 6 or 12 months, 
even when RA patients achieved disease remission at 
6 or 12 months. 

Conclusion 

In this study - to our knowledge, the first to assess the effects 
of abatacept treatment on aortic stiffness in RA patients - the 
treatment did not limit or decrease aortic stiffness, a marker 
of cardiovascular risk. The reason for these findings could be 
the insufficient decrease in systemic inflammation. However, 
the increase in PWV warrants review and close monitoring 
of the modifiable cardiovascular risk factors, especially the 
lipid profile, in RA patients treated with abatacept. 
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